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ILLUMINATION OPTICAL APPARATUS similar to an effective pattern area of reticle (a maximum 

USING DIFFERENT NUMBER OF LIGHT area of pattern to be projected onto the substrate). Actually, 

SOURCES UNDER DIFFERENT EXPOSURE the effective pattern area of reticle is often rectangular, 

MODES, METHOD OF OPERATING AND because chip patterns of LSI or the like are rectangular. 

METHOD OF MANUFACTURING THEREOF 's Therefore, the shape of the entrance plane of each lens 

element in the fly-eye lens is rectangular (of course, the 
CROSS REFERENCE TO RELATED sha P e of the exit P lane is also rectangular). 

APPLICATIONS An image field of the projection optical system used in 

steppers is rectangular but considerably close to square, i.e., 
This is a division of application Ser. No. 08/921,311 filed lQ rectangular with the vertical or longitudinal length being not 
Aug. 29, 1997, now U.S. Pat. No. 5,815,248; which is a so different from the horizontal or transversal length, 
continuation of Application No. 08/636,272 filed Apr. 29, Accordingly, the shape of the entrance plane of each lens 
1996 (abandoned); which is a continuation of application element in the fly-eye lens is also rectangular but close to 
Ser. No. 08/231,159 filed Apr. 22, 1994 (abandoned). square. On the other hand, there are steppers with a fly-eye 

a lens having square lens elements in cross section, because 
BACKGROUND OF THE INVENTION 'the effective pattern area itself of the reticle is square. 

1. Field of the Invention Accordingly, the conventional fly-eye lenses for steppers 
The present invention relates to an illumination optical »*• such that ^ elements each with square or 

apparatus and method suitably applicable to exposure appa- almost-square-rectangular cross section are arranged verti- 

ratus used in the photolithography process for fabricating for 20 . «lly and horizontally Light source images are formed on or 

example semiconductor devices, liquid crystal display «•* lhe «* ***** of respective lens elements, so that the 

devices or thin-film magnetic heads. light source images are formed as an aggregation arranged 

, ' , j . • . in a grid pattern at same or slightly different longitudinal and 

2. Related Background Art ! transversal pitches. 

The photolithography process for fabneahng for example 2$ Since the degree of integration for semiconductor devices 

the semiconductor devices employs a projection exposure ^ becoming increasingly higher these days, it is required to 

apparatus haying an illumination optical system for irradi- . &rthcr enhance the resolution (i.e., resolving paver) of a 

ating iflumination hght from a light source onto a photomask pattern projected onto the substrate. To meet the 

or a reticle (which will be collectively referred to as a reticle) ~ requirement> the DUmeri cal aperture of the projection optical 

and a projection optical system for projecting an image of a 3Q system ^ illcrcased to improve the resolution, but it 

pattern on the reticle onto a substrate (semiconductor wafer, ^ nQt practical beC ause the depth of focus becomes too 

glass plate, etc.) coated with a photosensitive material shaUow ^ thefe fe a propositicm of lhe modified light 

(photoresist). A recent trend is to use reduction projection SQUrce memod in which the shape oisccond ^ light sources 

.exposure apparatus of the step-and-repeat method, i.e., ( or tertiary light sources, etc.) is modified in various ways in 

so-called steppers, as disclosed for example in U.S. Pat. No, ^ the inundation optica] system to improve the resolution or 

4,699,515. me (jep^h Q f focus of the projection optical system. In the 

In order to enhance illuminance uniformity on the reticle, modified light source method one of apertures of various 

the projection exposure apparatus uses a fly-eye type optical shapes is set on the exit plane of fly-eye lens, that is, on the 

integrator (fly-eye lens) for example as disclosed in U.S. Pat. p i anc { n a relation of Fourier transform with the reticle 

No: 4,619,508 or US. Pat. No. 4,668,077. The exit plane of 4Q pattern. Further, the annular illumination method employs 

fly-eye lens is a Fourier transform plane for the pattern an ap erture for making the shape of secondary (or tertiary) 

surface of reticle in the illumination optical system. A light sources annular. 

surface illuminant image (an aggregation of point sources M for t h e steppers, the longitudinal pitch is not so 

corresponding to associated lens elements constituting the different from the transversal pitch for point light sources 

fly-eye lens) is formed at this plane. 45 (secondary or tertiary light sources) formed on or near the 

Further, U.S. Pat. No. 4,497,013 or U.S. Pat. No. 4,497, exit plane of fly-eye lens. There are, however, recent propo- 
015 discloses such an arrangement that two fly-eye lenses sitions of a scanning projection exposure apparatus with an 
are aligned along the optical axis of illumination optical aspect (length -io- width) ratio of the effective pattern region 
system to greatly increase the number of point sources on the reticle being greatly offset from 1:1, as disclosed in 
whereby the illuminance uniformity is improved on the 50 U.S. Pat. No. 4,747,678, U.S. Pat. No. 4,924,257 or U.S. Pat. 
reticle. Also, U.S. Pat. No. 4,918,583 discloses an arrange- n 0 , 5,194,893. A stepper can be so arranged that the 
men t using a rod-type optical integrator together with the effective pattern area is 100 mm square on a reticle, that is, 
fly-eye lens to improve the illuminance uniformity, and U.S. a good-image range in the image field of the projection 
Pat. No. 5,153,773 discloses an arrangement in which a v optical system (with projection magnification of 1) is 141 
plurality of beams are made obliquely incident into the 55 (~2 1/2 xl00) mm in diameter (<}>). In contrast, in case a 
fly-eye lens to increase the number of point sources whereby scanning projection exposure apparatus has the same good- 
the illuminance uniformity is improved. If a high-power image range of the projection optical system, i.e., <}>~141 
laser such as an excimer laser is used and when a laser beam mm> an illumination area on the reticle has the width in the 
therefrom is fwused on the exit plane of fly-eye lens to form scanning direction of 44.7 mm and the width in the non- 
point sources there, each lens element could be damaged 60 scanning direction perpendicular to the scanning direction, 
thereby. Thus, U.S. Pat. No. 4,939,630 suggests such an of 134.2 mm. That is, the aspect ratio of the illumination area 
arrangement that the point sources are formed at positions is approximately 1:3. Accordingly, an area of chip pattern 
apart from the exit plane of fly-eye lens. transferable onto the substrate by one scanning exposure is 

Incidentally, the entrance plane of fly-eye lens is.conju- 134,2 mmx(maximum movement stroke in the scanning 

gate with the pattern-formed surface of reticle. Because of 65 direction) on the reticle.' This permits the scanning projec- 

this, a light quantity loss of illumination light becomes tion exposure apparatus to form a considerably large chip 

minimum when the entrance plane of each lens element is pattern as compared with the steppers. 
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However, the scanning projection exposure apparatus apparatus must be stopped during exchange of the light 

must be so arranged, in order to decrease a loss in illumi- source, which causes a problem of a great decrease in 

nation light quantity, that the cross section of each lens throughput. 

element in the fly-eye lens is rectangular with an aspect ratio Further, a recent report showed an improvement in depth 

of 1:3, matching with the shape of the illumination area on 5 of focus or ^ resolution by optimizing the a value (a value 

the reticle. The lens elements of such cross section cause no of relicle _ side numcr ical aperture of iUumination optical 

problems in respect of machining, or in respect of light syst em/reticle-side numerical aperture of projection optical 

quantity However, point light sources formed on the exit ; _ 0 f illumination optical system in accordance with a 

plane of fly-eye lens have * longitudinal pitch three times ^ / ^ ^ ^ ^ tQ ^ ^ q ^ 

larger than the transversal pitch. Such a largr duTercnce , 10 ot m ^ on tical sys tem accurately to its optimum 

between the longitudinal (scanning direction) pitch and the ^ ^ q ^ of ^ opticaJ system i, deter . 

transversal (non-scanmng direction) pitch of point sources mined acCQrdi tQ ^ diameter o{ a luminanC e distribution 

could cause a problem that imaging properties (exposure of light source images on the exit plane of fly-eye lens 

amount, resolution, depth of ocus etc.) in the scanning ^ ^ ^ COQj ^ the plane;0 f projec . 

direction for an image of reticle pattern are different from 15 ^ tica i P system) ^ ause of a nonuniform illuminance 

those in (he non-scanning direction^ f^*^:"^ distribution of light source images, such a problem would 

illumination method or the modified light source method is ^ ^ ^ a * aluc ^anmcd from the 

employed, the above problem becomes more pronounced distribution (effective a value) is different from 

because an aperture stop shields illumination light tVom me ^ a " value '(nominal a value). . • 
specific lens elements in the fly-eye lens so as to decrease the 2Q 6 

number of point sources. SUMMARY OF THE INVENTION 

Even if the annular .illumination method or the modified 
light source method is applied to the projection exposure U is a first object of the present invention to provide an 

apparatus in which the effective pattern area on the reticle is illumination optical apparatus and method which can have 

rectangular with, the aspect ratio of approximately 1:1, such 25 improved illuminance uniformity on the reticle and which 

as the steppers, there could occur such a problem that the can set the imaging performance in the longitudinal direc- 

imaging properties are different from each other for example tion of illumination area as close to that in the transversal 

between two orthogonal directions. The present applicant direction thereof even if the illumination area on the reticle 

has proposed a method of improvement in U.S. application , has an aspect. ratio greatly offset deviating from 1:1. It is a 

Ser. No. 020,775 (filed Feb. 22, 1993, corresponding to U.S. . 30 second object of the present invention to provide an illumi- 

Pat. No. 5,335,044 issued Aug. 2, 1997). This method of nation optical apparatus and method which can obtain 

improvement is, however, effective up to about 1:1.5 of the excellent jlluminance uniformity even with use of a plurality 

aspect ratio of effective pattern area, but cannot be so of light sources. 

effective when trie aspect ratio exceeds for example about An illumination optical apparatus for achieving the first 

1:2. 35 object of the present invention has a light source for pro- 

In case a laser beam is used as the illumination fight, light ducing illumination light, a light source image forming 

source images formed on the exit plane of lens elements in member for forming a plurality of light source images with 

the fly-eye lens are almost point sources, which necessitates illumination light incident thereon, a condenser lens system 

no consideration on a light quantity loss. In contrast, if, for for condensing beams from the plurality of light source 

example, the g line or i line from a super-high pressure 4 q images to illuminate a mask, and a wavefront splitting 

mercury lamp is used as the illumination light, the light member disposed between the * light source and the light 

source images become a kind of surface illurhinant. Then, source image forming member, for splitting a wavefront of 

with use of a fly-eye lens including a bundle of lens elements the illumination light from the light source into a plurality of 

rectangular in cross section with the illumination light from wavefronts. 

the mercury lamp, such a problem could occur that the 45 In the apparatus for achieving the first object of the 

illumination light is eclipsed in the transverse direction of present invention, the wavefront splitting member is set in 

each lens element whereby a sufficient quantity of light tb c vicinity of the entrance plane of the light source image 

cannot be attained. forming member, for example a fly-eye type optical inte- 

Hence, in case of the fly-eye lens including a bundle of grator (fly-eye lens), whereby a beam to be incident into the 

lens elements rectangular in cross section being used, a 50 fly-eye lens is split into a plurality of beams traveling in 

plurality of light sources are arranged along the longitudinal mutually different directions. By this, the plurality of beams 

direction of lens elements and beams from the light sources are incident at mutually different incident angles on the 

are guided into the fly-eye lens in mutually different fly-eye lens. Since the exit plane of fly-eye lens is nearly in 

directions, for example as disclosed in Japanese Laid-open a relation of Fourier transform with the entrance plane 

Pat. No. Application No. 5-45605. Then there are a plurality 55 thereof, a plurality of light source images are formed by each 

of images corresponding to the light sources formed along lens element on or near the exit plane of fly-eye lens. If an 

the longitudinal direction on the exit plane of a lens element aspect ratio of illumination area on a mask is for example l:n 

in the fly-eye lens, improving the illuminance uniformity (where n is an integer of not less than 2), an aspect ratio of 

and the illumination power (illuminance) on the reticle. the lens element is also set approximately to l:n. In this case, 

The arrangement as disclosed in the above Japanese 60 the wavefront of a beam to be incident into the fly-eye lens 

application, however, has such a problem that if the plurality is split into n wavefronts in the transversal direction, using 

of light sources have different illumination powers illumi- the wavefront splitting member. This can set the longitudinal 

nance unevenness occurs on the exit plane of fly-eye lens so pitch as nearly equal to the transversal pitch as to the light 

as to lower the illuminance uniformity on the reticle. Also, source images formed on the exit plane of fly-eye lens, 

in case one out of the plurality of light sources is off (e.g., 65 Accordingly, the imaging performance can be kept almost 

burned out), the illuminance unevenness on the reticle identical between a pattern having longitudinal periodicity 

would become out of a permissible range. Further, the and a pattern having transversal periodicity on the mask. 
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; u- „,„„ the the second light source, the illuminance distributions of light 
A first illumination optical apparatus for achieving the -^second I ft ^ . ^ e ^ plane f 

second object of the present fl^ve ten? Also even /one of .he first and second fight 

optical integrator composed of a ; of pphcal ele- fly-eye Tens. Mso e ^ ^ 

^ rectangular in cross « ^| JS s o™ cause light source images .of the other light source 
^^Zl^^S^^t^^ are formed in a same density distribution. 
KK^^mfc^^^^: Since the first mummation optical apparatus is Erected to 
b^rinddeS^onm a firs, direction into a plurality of a case •„ which th e optical axis of the first light source 
Sms travetg m respective directions having different . iDlersectswilh the opfical axis of the second fight source the 
SneSng the longitudinal direction of the optica , 0 slnJClure of the opti cal system is relatively sjmpte Evenif 
ekmenU to supply the beams to the fly-eye type optical fae ical axis 0 f th e first light source * P«*K to the 
Sator and fo/spfi.ting a beam incident thereon in a optical axis of the second light source, fight source images 
Section differenrfrom the first direction into a m P „ e superimp0S ed over each other on .be e» ^ an >of 
Shy of beams traveling in the respective directions to fly / eye lens by such an arrangement ^at beams from he two 
S^^My^^^^^-^ » ligh/sources are supplied to the fly-eye |en^i I a same 
lirfS source for supplying -illumination light to the beam direction in a supe rimposed manner, enjoying the same 
Sung member i the 1st direction, and a second light operatjonal e|fcct as tbe first illumination ^fm^. 
MuroefoSpplying illumination light to the beam splitting = ^ ivm in the second illumination optical apparatus, 
member in the second direction. . . : As described above, with the illumination i optical appa- 

Also a second illumination optical system for achieving 20 raWS for achi eviog the second object of the present 
the second object of the present invention has a fly.eye type a plurality of beams each co^tmuig«b««^ 

optical integrator composed of a plurality of optical ele- fa ^ Ugh , and a beam from the second 
ments rectangular in cr£s section, for forming a plural.tyof ffiade f ncident on opti cal elements, at mutuaUy different 

lieht source finages, a condenser lens system for condensing Thus, a plurality of light source ^images foiled « 

beams from the plurality of fight source images to supply the 25 ^ j aM p f one optical element m the fly-eye lens each 
beams to a mask, a first light source and a second light - a combination of iUumination fight from the first fight 
source disposed at mutually different positions, and a beam ■ ^ with i Uu mination Ught from the second fight source^ 
snlittinE member for splitting illumination light from the ^benta* no ffl um ination unevenncss will occur even if 
first light source into a' plurality of beams traveling in ^ ; difference in fight quantity (intensity) 

respecfive directions having different components along the 30 ^^0,, lig h, from the first fight source and the ifiumi- 
longitudinal direction of the optical elements to supp ly the ^ u b , ^ the second light source^ In _ addi Uon^vep . 
beams to the fly-eye type optical integrator and for splitting tf ^ on£ of the fight sources is off, the illummance 
Ufi!mLafion light from the second light source into a phi- uniformity ^ not b e degraded (although the ^"PM*^ 
S of beams traveling in the respective duections to reduced by about half ni such case). This means that dUMS 
supply the beams to the fly-eye type optical integrator. 35 an eip^ operation using. «» of the fi«t ^/^Jg 1 
In the first illumination optical apparatus as described — the other ljght source my beextjmgedrf^ 

»hove the beam splitting member splits the illumination ^ its continuous use of the dluminatton optical 
£ from fiXt fight sourc* for example into a firs, beam ■ , * which ^^es the throughput. Particularly in case 
K£i bea«l, g which-*e supplied to the fly-eye type £ lasct Ught ^firces being used, the ^Pj^*^ . 
optical integrator (fly-eye lens). Also, the illumination fight 40 decreasc d because of the use of a combination of plural laser 
from the second light source is split by the beam splitting beams . 

member for example into a first beam and a second beam, f m case the scanning exposure apparatus is used 

which -are supplied to the fly-eye lens. In this case the e rform pattern exposure using a n.gh-sens.tivity 

illumination l^ht incident on the fly-eye lens in the first J orcsfcti ^Jng speeds for example of wafer and mask 
direction is a combination of a first beam arising from the 45 * be increased . There is, however, a mechanical limit to 
firstlightsourceandthenspfitbythebeam^ltttmgmember the speeds 0 f stages. Then the dhmum of 

with a first beam arising from the second fight source and in> , ion , ighl musl be lowered usmg for example an ND 

then split by the beam splitting member. On the other hand Such a ^ is dealt with by simp y deactivatmg . one 

he iUumination light incident on the fly-eye lens m the q ^ ^ ^ , igbl in the^um.nation 

second direction is a combination of a second beam arising 50 apparatus of the present invention, avoiding waste of 

torn me first light source and then split by the beam splitting Xmination power and extending the life of fight sources, 
member with a second beam arising from the second light Furthermorej since a plurality of light source images are 
source and then split by the beam splitting member._ , . ^ ^ ip ^ fly<y6 lens along he 

Accordingly, there are two fight source images formed lo - mdina i directio n thereof, the. substanfiafo value of the 
corresponding to the illumination light beams incident m the 55 u ^ ina(ion optical systcm ^ ma de almost coincident ; with 
first dhection and in the second direction for each optical ^ g ^ a uniform alummal ,ce distn- 

element in the fly^ye lens, as juxtaposed along the longi- ^ ■* ^ ^ plane of fly . ey6 lens . Additionally, whde 
tudinal' direction thereof. This makes the density of light n increase fa , umina nce of fight sources is ordmardy fikcly 
source images in the longitudinal direction on the exit plane ^ ductjon cos , of fight sources, the first or 

of fly-eye lens nearly equal to that in the transversal direc- 60 ^ il , umination opdcal apparatus 0 f the present mven, 
lion Also, light source images of each fight source are ^ ^ of tow-luminance and cheap fight 

independently formed on the exit plane of fly-eye lens and ^ ^ iUuminance , whereby the production 

two light source images corresponding to the hrst iigm ^ ther eof can be reduced. 

source and two light source . toa g^/ orres P° n ^ g r * g 65 It j, ^ preferred that the illumination optical apparatus 
second light source are superimposed on each other on the 65 ,1 .* q{ ^ , mventJon be 

exit plane B of one optical element. Thus, , even rf , Je dhim.- , flrst pbo J toe lectric detector for receiving 

pance of the first light source upage is different from that of arrang 
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part of illumination light from the first light source, a second optically transparent substrate 6 enters a fly-eye type optical 

photoelectric detector for receiving part of illumination light integrator (hereinafter referred to as a fly-eye lens) 7, 

from the second light source, and an adjuster for adjusting The fly-eye lens 7 includes a bundle of double convex lens 

the illuminance for at least one of the first, and the second elements 7a, 7b, ... each rectangular in cross section. The 

light sources in accordance with photoelectric signals from 5 entrance plane of each of plural lens elements la, lb, ... is 

the first and second photoelectric detectors. This arrange- arranged nearly conjugate (in an imaging relation) with a 

ment permits the intensity of illumination light from the first pattern-formed surface of reticle 13. Also, an image 

light source to be kept equal to that of illumination light (secondary light source) Of the light source 1 is formed on 

from the second light source, further improving the illumi- the exit plane of each lens element 7a, lb, . . . , and the exit 

nance uniformity on the mask. io plane offly-eye lens 7 is kept inan optical relation of Fourier 

transform with the pattern-formed surface of reticle R. 

BRIEF DESCRIPTION OF THE DRAWINGS A n aperture stop (a stop) 8 having a circular, (or 

FIG 1 is a drawing to show the structure of a projection rectangular) aperture 8a is set in the vicinity of the exit plane 

exposure apparatus provided with an illumination optical of fly-eye lens 7 The aperture stop 8 is incorporated with 

system according to a first embodiment of the present 15 and fixed on a holding member (for example, a turret pla e, 

invention a slider, etc.) 10 together with an aperture stop for annular 

. , \> .l.to illumination 9 having an annular aperture 9a and an aperture 

. FIG. 2 is an enlarged ^rawmg of a diffraction grating plate modified fight source ifiumination (not shown), 

and a -fly-eye lens in FIG. 1. .. ' Rotating the holding member 10 by means of a driving 

FIG. 3A is a drawing of the diffraction grating plate in 20 ^ ^ & desired aperture stop among tne above aper- 

FIG. 1 as seen from the fly-eye lens side; and mre stops can be located in the illumination optical path. 

FIG. 3B is a drawing to show the fly-eye lens and an Illumination fight IL2 passing through the aperture stop 8 

aperture stop in FIG. 1 as seen from the reticle side. ; advances through a condenser lens group 11 and via a mirror 

FIG. 4 is a drawing to show an arrangement in which an |2 to illuminate a pattern 14 on the reticle 13 with nearly 
aperture stop for annular illumination method is located on 2 ^ um f 0 rm illuminance. Light passing through the pattern 14 or 

the exit plane side of the fly-eye lens in FIG. 1. light diffracted by the pattern 14 is condensed and focused 

FIG. 5 is a drawing to show an arrangement in which an by a projection optical system 15 to form an image of the 

aperture stop for modified light source method is located on pattern 14 on a wafer 16. The wafer 16 is held on a wafer 

the exit plane side of the fly-eye lens in FIG. 1. stage 17. The wafer stage 17 is composed of an XY stage 

FIG 6 is a drawing to show an arrangement in which a two-dimensionaUy movable in a plane perpendicular to the 

blazed diffraction grating is used as a wavefront splitting optical axis AX of the projec ion °f ^ s ^/^^f 

staee movable in the direction of the optical axis AX, 

member. ... & te 

FIG. 7 is a drawing to show the structure of an illumina- lnrou 8 h a ™ lor , . . 

tion optical system according to a second embodiment of the 3 5 In ^ e ^ U £ ^ atUS of ^ 

uuuupiuAiB^ l 6 embodiment is used for the slit scan exposure method 

present invention. _ (scanning type), a reticle stage 19 for holding the reticle 13 

FIG. 8 is a drawing to show the structure of a projection V {q be f J£ g ^ as movab le one-dimensionaUy on a reticle 

exposure apparatus with which the illumination optical ^ 20 ^ upon scanaing exposure the wafer 

system in FIG. 7 is used. - stage 17 is moved mto me plane of RG. 1 in synchronization 

FIG. 9 is a drawing for illustration of three fly-eye lenses 0 ^ movemen t of the reticle stage 19 on the reticle support 

in FIG. 7. table 20 out of the plane of FIG. 1, for example. The reticle 

FIG. 10A and FIG 10B are drawings to show a light ^ m0 ved by means of a drive unit incorporated in the reticle 

source image or light source images on the exit plane of each support table 20. In this case a main control system 21 

lens element in the fly-eye lens. " 45 executes a control for synchronously moving the reticle 

FIG 11 is a drawing to show a modification of the stage 19 and the wafer stage 17. Further, the main control 

illumination optical system in the second embodiment. system 21 also controls a rotational angle of the holding 

FIG 12 is a drawing to show the structure of an illumi- member 10 through me driving system 10a to exchange the 

natYono^ aperture s top8 for aether aperture . 

t ■ • 50 aperture stop for annular illumination or the aperture stop tor 

present invention. > modified light source illumination, and controls operations 

DESCRIPTION OF THE PREFERRED of the entire apparatus. 

EMBODIMENTS The operation of the present embodiment will be next 

■ Ae first embodiment of the present invention will be described, assuming that the projection exposure apparatus 

desc^ » ofthepresentembodn« 

Sod exposure apparatus provided with an iUumination to this case an lUumination area effective pattern area) on 

Sea apparatus according to the present embodiment. In the reticle 13 illuminated by the illumination op Uca system 

FkTi, flLination light ll emitted from a light source *of a cons. ^^^^^^^^^ 

(for example a mercury lamp) 1 is reflected by an elliptic aspect ratio of about 3:1). Tta» » is P**^^ 1 "^?' 

mirror 2 and then converged by an input lens system 3. After 60 ratio of cross section of each lens element la, lb, . . . in the 

that, the illumination Ught advances via a bending mirror 4 fly-eye lens 7 is about J. l. 

and through an input lens 5 to become a beam of nearly FIG. 3B is a drawing to show the exit plane of fly-eye lens 

parallel rays Further, the iUumination light IL1 is incident 7 and the light source images (secondary light sources) 

on an optically transparent substrate 6 in which a phase type, formed by the lens elements in the present embodiment as 

one-dimensional diffraction grating G is formed on the exit 65 seen from the reticle side, in which light source images 22b, 

side so that zeroth-order diffraction light and ±first-order 22d, . . . represented by black dots are those formed by the 

diffraction light emerging from the diffraction grating of the respective lens elements in the same manner as in the 
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conventional apparatus. Let AX be the longitudinal width of 
the lens elements arranged in a grid array in the circular 
aperture, 8a of aperture stop 8 and AY be the transversal 
width. Then, since the aspect ratio (i.e., AX:AY) is 3:1, the 
aspect ratio of array pitches of the light source images 226, 
22d, . . . represented by the black dots is also 3:1. 

The present embodiment includes the optically transpar- 
ent substrate 6 with the diffraction grating G formed therein 
as set before the fly-eye lens 7, as shown in FIG. 1, The 



exit plane (secondary light source formed surface) of fly-eye 
lens 7. This is described for example in U.S. application Ser. 
No. 020,775 (filed Feb. 22, 1993, corresponding to U.S. Pat. 
No. 5,335,044 issued Aug. 2, 1997) and the theory thereof 
is described in Japanese Laid-open Patent Application No. 
4-225358 (corresponding to Ser. No. 791,138 (filed Nov. 13, 
1991), now abandoned). Specifically, among the light source 
images (secondary light sources) in FIG. 3B, light source 
images within vertical regions VI and V2 surrounded by 
dashed lines are effective to increase the resolution and the 
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function of the diffraction grating G is described below 10 d e p m of foais for a pattern havmg vertical periodicity, while 
referring to FIG. 2. 

FIG. 2 is a side view of the fly-eye lens 7 and the optically 
transparent substrate 6. In FIG. 2, the phase diffraction 
grating G is formed on the exit plane of the optically 
transparent substrate 6 with projections Ga and recesses Gb. 
arranged at pitch P in the direction parallel to the plane of 
FIG. 2. FIG. 3Ais a drawing to show the diffraction grating 
(3 of FIG. 2 as seen from the fly-eye lens 7 side. The 
diffraction grating G is a one-dimensional phase grating in 
which the hatched projections Ga and the white recesses Gb 
are arranged in the vertical direction. Returning to FIG. 2, 
the illumination light IL1 as converted into a beam of nearly 
parallel rays enters the optically transparent substrate 6 to 
reach the diffraction grating G, and thereafter is split by the 
diffraction grating G for example into a zeroth order dif- 
fraction beam IL(0) and ±first order diffraction beams IL(+ 
1) and IL(-1), i.e., into three diffraction beams in total 
These three diffraction beams emerge at mutually different 
angles (diffraction angles) from the diffraction grating G 
then to enter the fly-eye lens 7. 

Among these three diffraction beams, the zeroth order 
diffraction beam IL(0) represented by a solid line forms a 
light source image 22a, 22b, ... on the center of the exit 
plane of each lens element 7a, lb, '. similarly as in the 
conventional example with no diffraction grating G. The 
♦first order diffraction beam IL(+1) represented by a broken 
line forms a light source image 23a, 236, ... on an upper 
portion of the exit plane of each lens element, while the 
-first order diffraction beam 1L(-1) represented by a broken 
line forms a light source image 24a, 24b, . . . on a lower 
portion of the exit plane of each lens element, thus forming 
three light source images per a lens element. Generalizing 
this, supposing n (n is an integer of not less than 2) 
diffraction beams emerging from the diffraction grating G 
are used, n light source images are formed on the exit plane 
of each lens element. 

As described previously, FIG. 3B is a drawing to show the 
exit plane of fly-eye lens 7 and the light source images 
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light source images within horizontal regions Hi and FI2 
surrounded by upper and lower chain double-dashed lines 
are effective to increase the resolution and the depth of focus 
for a pattern having horizontal periodicity. 

Concerning this point, the conventional illumination opti- 
cal system forms the light source images (secondary light 
sources) including only the images (22b, . , . ) by the zeroth 
order diffraction beam as obtained in the present 
embodiment, so that the number of light source images 
within the vertical regions VI, V2 is different from that in 
the horizontal regions HI, H2. This will result in causing a 
difference in depth of focus or a difference in line width 
(difference in exposure amount) between a pattern having 
vertical periodicity and a pattern having horizontal period- 
icity on the reticle. 

In contrast, the present embodiment is arranged to 
increase the number of secondary light sources in the 
longitudinal direction as formed in the circular aperture 8a 
in the aperture stop, as shown in FIG. 3B, by use of the 
optically transparent substrate 6 with the diffraction grating 
G formed thereon in the illumination optical system. This 
arrangement can minimize a difference (length-to-width 
difference) between the longitudinal pitch and the transver^ 
sal pitch in the array, of secondary light sources, permitting 
the secondary light sources to be formed with a more ideal 
distribution (almost uniform distribution). Further, the num- 
ber of light source images in the vertical regions VI, V2 can 
be arranged as equal to or almost equal to the number of light 
source images in the horizontal regions HI, H2. This will 
result in no difference in line width or no difference in depth 
of focus between a pattern having vertical periodicity and a 
pattern having horizontal periodicity. 

Below described are cases in which the aperture stop for 
annular illumination method or the annular stop for modified 
light source method is placed on the exit plane side of 
fly-eye lens 7 instead of the ordinary aperture stop 8. , 

FIG. 4 shows a case in which an aperture stop for annular 
illumination having an annular aperture 9a is set on the exit 
plane - side of the fly-eye lens 7. In FIG. 4, without the 



(secondary light sources) formed by the lens elements in the 50 diffraction grating G of FIG. 1, there are light source images 



present embodiment as seen from the reticle side. As shown 
for a representative lens element lb in FIG. 3B, a light 
source image 22b by the zeroth order diffraction beam 
represented by a black dot is formed approximately at the 
center of lens element lb similarly as in the conventional 
example with no diffraction grating G. On the other hand, 
light source images 236, 246 represented by blank circles, 
which are formed by the ±first order diffraction beams, 
respectively, are formed at positions vertically shifted from 
the center in accordance with the periodicity of diffraction 
grating G. It is of course apparent that the shirting direction 
of the light source image 236 by the +first order diffraction 
beam is opposite to that of the light source image 246 by the 
-first order diffraction beam. 

Regarding the modified light source method, it has been 
found that the effect of the light source images differs 
depending upon the positions of light source images on the 
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(226, . . . ) formed only by the zeroth order diffraction beam 
as represented by solid dots in the annular aperture 9a. With 
only the light source images by the zeroth order diffraction 
beam the number of light source images in the vertical 
regions VI, V2 (six in FIG. 4) is, however, different from 
that in the horizontal regions HI, 112 (eight in FIG. 4), which 
would cause a difference in line width or a difference in 
depth of focus between a pattern having vertical periodicity 
and a pattern having horizontal periodicity. In contrast, when 
the diffraction grating G is set as in the present embodiment 
to add the light source images (23a, . . . ) formed by the ±first 
order diffraction beams, the number of light source images 
in the vertical regions VI, V2 (eighteen in FIG. 4) becomes 
equal to that in the horizontal regions HI, H2 (eighteen in 
FIG. 4), realizing the same imaging performance between a 
pattern having vertical periodicity and a pattern having 
horizontal periodicity. 
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• hvv. ,n Wrture stop for lion beam is separated by a distance Q, which is defined by 

M W . . . ) only by the zerotb order diffraction beam 5 Hon beam). 

as represented by solid dots are formed within the apertures Q _^ p)f (5) 
25a to 25rf. With only the light source images by the zeroth 

order diffraction beam the number of light source images in Supposing the longitudinal length of each lens element 

fee vertical regions VI, V2 (four in FIG. 5) is, however, ^ : /in lhe fly . eye lens 7 is AX and the transversal 
different from that in the horizontal regions HI, H2 (twelve 10 lenglh lhcre 6f (in the direction perpendicular to the plane ot 

in FIG 5} which would cause a difference in line width or nQ 2 ) is AX/3, the longitudinal distance Q between thp 

a difference in depth of focus between a pattern having ligh fsource image by the zeroth orderdinraction beam and 

vertical periodicity and a pattern having horizontal period- ^ Ught ^rce image by the +first order diffraction beam 

icity In contrasti if the diffraction grating G is set as in the (q . by . the order diffraction beam) is determined as 
nresent embodiment to add light source images (23a, . . . ) 15 AX/3 ^ can make t he longitudinal pitch of secondary 

formed bv the ±first order diffraction beams, the number of [[ h{ sdurces coincident with the transversal pitch thereot. 

lioht source images in the vertical regions VI, V2 (twenty in From formula (5) , the following is a condition for setting the 

FIG 5) becomes equal to that in the horizontal regions HI, distaD ce Q to AX/3 accordingly. 

H2 (twenty in l FIG. 5), realizing ^ the same imaging per for- ■ ■ . - 

mancebe^een a pattern having vertical penodicity and a 20 \> 

pattern having horizontal periodicity. , . specifically, consider an example in which the focal 

The diffraction grating G employed in the present f ^ ^ dements ^ 60 mm , the longitudinal length 

embodiment is next described in detail. As shown in m». z, *. f ^ elemeQls fc 30 mm and fa exposure wavelength 

the diffraction grating G is a one-dimensional phase dittrac- 65 m ^ fa pitch P of diffraction grating G is 

lion grating. Since almost aU mcident rays e°**^«£ 219^ from formula (6). 

. phase diffraction grating, such a gratmg is advantageous in M £ Qwhi { e> in casc of the aforementioned diffraction 

respect of the utilization factor of a quantity of illumination - q ^ ^ [q ^ vidnity of me entrance plane of 

light as compared with an amplitude diffraction grating. It is fly-eve' lens 7 it is conceivable that an image of diffraction 

also desirable that among diffraction beams emerging torn grating G is formed on the reticle and on the wafer, which 

the diffraction grating G the three d faction beams ot the ,« ^ a cause of illuminance unevenness. In practice, 

zeroth order diffraction beam IL(0) ™ d lhe W ° rd " however ^ image of diffraction grating G will never be 

diffraction beams IL(+1), \UrV ™ s0 ranged as to be * onto the wafer because of the depth of focus: For 

* nearly identical in intensity. . 'example, if the imaging magnification is 1 (real size) 

In order to obtain conditions for that, with the pitch P ol be(ween the entrance plane of each lens element in the 

diffraction grating G, let a be the width of projections Ga ^ ^ ? and ^ wafcr surface , a distance of only 

where the phase of phase grating G is 0 (radian) and lb be the J veral m a distance equivalent approximately to the 

width of recesses Gb where the phase is o (P-a+b). In tins - Qf focus . Qn ^ wafer side 0 f projection exposure 

case the intensity I 0 of zeroth order diffraction beam, the atus) bet ween the entrance plane of fly-eye lens 7 and 

intensity I +1 of +first order diffraction beam and the intensity ^ ^ dirfraction grating G can nullify a chance that the image 

I of -first order diffraction beam are determined as follows rf diffraction graling G ^ erroneously transferred onto the 

with a constant A. ■ wafer. In practice, the diffraction grating G may be arranged 

\ „ several mm apart from the entrance plane of fly-eye lens 7. 

■ , 0 = A|«*>-exp(*6f . U) Also, the diffraction grating image is averaged on the « 

' a) 45 bfmumination Ught from a plurality of lens elements, and 

- >1j . • ;• therefore, a chance of erroneous transfer of the image ol 

= A|(P/ff)isin(^//0-ex P (i5)sin(^// , ))l 2 diffraction grating G is low. ■ 

. ' Particularly in case, of the scanning exposure apparatus 

' , . the direction of diffraction grating G (direction of 

Further calculation of formula (1) and formula (2) pro- ^ p er iodicity) shown in FIG. 3A may be arranged to be slightly 

vides the following formulas. inclined (or rotated) (for example about 1 mrad) relative to 



(3) the scanning direction, so that ^e scaiming «c^osw opera- 



Hi iuc maiming yuyvuv-, — v — , j ♦„ , Ua 

/ 0 // t = p J r 2 a (P-a)(l-corf) 1 ' tion can average fine light quantity unevenness due to the 

(4) transfer of diffraction grating, which could appear on the 
,1»|M 55 wafer Then there is no concern as to the transfer of 
= 2P ! 7>r 2 )sin J (TO/P)a -corf) diffraction grating. In this case the direction of diffraction 

beams emerging from the diffraction grating is also deh- 

Tnerefore, if the width a and the phase , .re deterged ^^^X^^^^^ 
,o equalize formula (3) with formula (4), the intensities of (23b, . ) rep { ^ 

the toe diffracuon beams, i.e., the zeroth 60 J" gf* JSSdfcc. caused on me imaging 

beam 1L(0) and the ±firsl order diffraction beams 1U+1), very small, mere is 

m-1), become substantially equal to each other. . P^ugb the present embodiment (FIG. 1) employed a 

Next, the value of pitch P of diffraction grating G differs ^ ou g ^ , ens ? , fl y. eye lens (or rod 

depending upon the focal length of - J* fi5 ^foptol integrator) may be added closer to the light 

. in the fly<ye lens 7. Lettmg f be he focal eng* of ens 65 fty-cye lens 7 and the optically transparent 

elements and X be the wavelength of Ulum.nat.on light llA source^ nan y j ^ . q y g pa( Np 

then the light source image 22a by the zeroth order diffrac- substrate 6, tor P 
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4,497,015 or U.S. Pal. No. 4,918,583. It is preferable in this Next described are driving systems for the reticle 112 and 

case that a cross section of each lens element in the second the wafer 105. A coarse motion stage 110 movable in the Y 

fly-eye lens is arranged to be substantially of a square or a direction (the direction perpendicular to the plane of FIG. S) 

regular hexagon matching with the contour of the fly -eye is mounted on a support table 109. A fine motion stage 111 

lens 7 shown in FIG. 3B. With the addition of the second 5 is further mounted on the Y stage 110 and a reticle 112 is 

stage fly-eye lens the light source images in FIG. 3B are held through a vacuum chuck on the fine motion stage 111. 

multiplied so that even the number of light source images The fine motion stage HI is arranged to be movable in the 

only by the zeroth order diffraction beam is not just one. The X direction, in the Y direction and in the rotational direction 

number of light source images by the zeroth order diffraction (6 direction) in a plane perpendicular to the optical axis AX 

beam becomes equal to the number of lens elements in the Jfl of projection optical system 108, so that it controls the 

second flyreye lens. Of course, the number of light source position of reticle 12 by a fine amount and with high 

images formed by each of the ± first order diffraction beams : precision in each direction. Amoving mirror 121 is set on the 

also becomes equal to the number of lens elements in the fine motion stage HI whereby an interferometer 114 on the 

second fly-eye lens, which further enhances the illuminance support table 109 always monitors the position of the fine " 

uniformity on the surface of wafer. motion stage. Ill in the X direction, in the Y direction and 

The present embodiment' employs the diffraction grating 35 in the 8 direction. Position information SI obtained from the 

G to split the wavefront of a beam incident into the fly-eye interferometer 114 is supplied to a main control system 

lens 7, but the wavefront may be split using a blazed 122 A. 

diffraction grating for example. On the other hand, a Y stage 102 movable in the Y 

FIG. 6 shows a state in which a blazed diffraction grating , direction is mounted on a support table 101 and an X stage 

26 is set in the vicinity of the entrance plane of fly-eye lens 20 103 movable in the X direction is mounted on the Y stage 

7. In FIG. 6 the illumination light IL1 of nearly parallel rays 102. Further, a Z stage 104 movable in the Z direction is set 

is incident into the diffraction grating 26. Surfaces 27a on the X stage 103 and the wafer 105 is held through a finely 

inclined in the clockwise direction and surfaces 29a inclined rotatable wafer holder (6 table) on the Z stage 104. A moving 

in the counterclockwise direction are periodically formed at mirror 7 is fixed on the Z stage 104 whereby an interfer- 

a predetermined pitch in the direction parallel to the plane of 25 ometer 113 disposed outside always monitors the position of 

FIG. 6 on the exit-side surface of diffraction grating 26. A Z stage 104 in the X direction, in the Y direction and in the 

beam having passed through the diffraction grating 26 as it 0 direction. Position information obtained from the interfer- 

is (the zeroth order diffraction beam) forms a light source ometer 113 is supplied to the main control system 112A. The . 

image 22a, 226, ... in the vicinity of the exit plane of each . main control system 122 A controls positioning operations of 

lens element 7a, 76, . . . in the fly-eye lens 7. Also, a beam 30 the Y stage 102 to the Z stage 104 through a drive unit 22B, 

refracted by an inclined surface 27a forms a light source and totally controls the operations of the entire apparatus, 

image 23a, 236, ... in the vicinity of the exit plane of each Although detailed later, a reference mark plate 106 is 

lens element 7a, 76, ... , while a beam refracted by an fixed near the wafer 105 on the Z stage 104 in order to attain , 

inclined surface 29a forms a light source image 24a, 246, . a correspondence between the wafer coordinate system 

in the vicinity of the exit plane of each lens element 7a, 35 defined by the interferometer 113 and the reticle coordinate 

76, . . ;■ In FIG. 6 the blazed diffraction grating 26 has a pitch system defined by the interferometer 114. There are various . 

nearly equal to the pitch of fly-eye lens 7. Actually, the pitch marks formed on the reference mark plate 106. One of the 

of diffraction grating 26 is set to the same as the pitch of the reference marks is a reference mark illuminated from the 

above-described diffraction grating G in FIG. 2. back by the illumination light guided into the Z stage 104, 

As described above, the wavefront of illumination light 4a which is a radiative reference mark. 1 

IL1 can be split using the blazed diffraction grating 26, so. Alignment microscopes 119, 120 are arranged above the 

that the number of light source images formed on the exit reticle 112 of the present embodiment in order to simultar 

plane of fly-eye lens 7 can be increased in a desired neously observe a reference mark on the reference mark 

direction, whereby the longitudinal pitch of light source plate 106 and a mark on the reticle 112. Further, there are 

images can be readily equalized to the transversal pitch. 45 movable mirrors 115, 116 for, guiding detection light from 

Also, the wavefront of illumination light IL1 may be split the reticle 112 to the alignment microscopes 119, 120, 

into two polarization components for example using a- respectively. With start of exposure sequence drive units 

Wollaston prism as the wavefront splitting member. 117, 118 withdraw the mirrors 115, 116, respectively, out of 

The second embodiment of the present invention is next the optical path of exposure light EL under a command from 

described referring to FIG 7 to. FIG. 9. In the present 50 the main control system 122A. 

embodiment the present invention is applied to an illumi- FIG. 7 shows the illumination optical system in the 

nation optical system in a scanning projection exposure present embodiment. In FIG. 7, a current is supplied under 

apparatus. a predetermined voltage from a lamp power source 132 A, 

FIG. 8 shows the scheme of the scanning projection 132B to a first light source 131A or a second light source 

exposure apparatus in the present embodiment. In FIG. 8, 55 131B of a mercury lamp. An elliptic mirror 133 A, 133B is 

exposure fight EL from an illumination optical system (FIG. provided for collecting light from the first or second light 

7) illuminates a local rectangular area on a reticle 112 and a source 131A, 131B, respectively. A light source check 

projection optical system 108 projects an image of pattern in sensor 135A, 135B is disposed near the back face of the 

the illuminated area onto a wafer 5. During exposure by the elliptic mirror 133A, 133B, respectively. The first light 

slit scan method the reticle 12 is moved relative to the 60 source check sensor 135A is composed of a photoreceptor 

illumination area of exposure light EL at velocity V in a for receiving leaking light from the elliptic mirror 133Aand 

direction perpendicular to the plane of FIG. 1, for example a timer for integrating a time while a photoelectric conver- 

out of the plane, and, in synchronization with the movement sion signal from the photoreceptor exceeds a predetermined 

of reticle, the wafer 5 is moved relative to the illumination ■ level. The second light source check sensor 135B is simi- 

area at velocity V/M (where 1/M is a projection magmfica- 65 larly constructed. 

lion of projection optical system 108) in a direction perpen- The first light source check sensor 135A supplies infor- 

dicular to the plane of FIG. 1, for example into the plane. . mation concerning a lighting time of the first light source 
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131A and information concerning whether the first light obtained by combining the +first order diffraction beam 

source 131A is on at the moment to an exposure amount emergent from the diffraction grating pattern with irradiation 

control system 122C for performing a control concerning an of illumination light from the first light source 131A with the > 

exposure amount. Similarly, the second light source check zeroth order diffraction beam emergent from the diffraction 

sensor 135B supplies information concerning a lighting time 5 grating pattern with irradiation of illumination light from the 

of the second light source 131B and information concerning second light source 131B on a same axis, 

whether the second light source 131B is on at the: moment Then the first illumination beam ELI from the diffraction 

to the exposure amount control system 122C. An internal grating plate 137 is reflected by a mirror 140B to enter a first 

timer in the first or second light source check sensor 135 A, fly-eye lens 141 at a predetermined incident angle, while the 

135B is reset when the corresponding first or second light 10 second illumination beam EL2 is reflected by a mirror 140A 

source 131A, 131B is exchanged. The exposure amount to enter the first fly-eye lens 141 as being symmetric with the 

control system 122C controls ligbting/unlighting operations first illumination beam ELI with respect to the optical axis 

of the first and second light sources 131A, 131B through the AX of the Ulumination optical system. A cross section of 

lamp power sources 132A, 132B, respectively. . each lens element in the first fly-eye lens 141 is rectangular 

After the illumination light emitted from the first light 15 with the longitudinal direction along the direction parallelto 

source 131A (for example, the i line of wavelength 365 nm) the plane of FIG. 7, and two light source images are formed 

is converged by the elliptic mirror 133 A, an input lens 136 A . along the longitudinal direction on the exit plane of each lens 

converts it into a beam of nearly parallel rays, which is let element. . 

to enter a diffraction grating plate 137 at a predetermined Beams from a plurality of light source images on the exit 

incident angle. Similarly, the illumination light emitted from 20 plane of the first fly-eye lens 141 are guided through a first 

the second light source 131B (for example, the i line of relay lens 142 into a second fly-eye lens 143 to form more 

wavelength 365 nm) is converged by the elliptic mirror light source images on the exit plane of the second fly-eye 

133B, and thereafter it is converted into a beam of nearly lens 143. Beams from these light source images are guided 

parallel rays by an input lens 136B. Then the beam is through a second relay lens 144 into a third fly-eye lens 145 

incident into the diffraction grating 137 at an incident angle 25 to form still further more light source images on the exit 

symmetric with the illumination light from the first light . plane of the third fly-eye lens 145. Beams from the numer- 

source 131 A with respect to the optical axis of illumination ous light source images formed on the exit plane of the third 

optical system (a chain line in the drawing). Shutters 138A, fly-eye lens 145 are guided via a mirror 146, a third relay 

138B are located near the second foci of the respective lens 147, a field stop (reticle blind) 148, a fourth relay lens 

elliptic mirrors 133A, 133B, so that the exposure amount 30. 149 and a main condenser lens 150 to illuminate a rectan- 

control system 122C can control an exposure amount gular illumination area 151 on the reticle 112 with uniform 

(exposure time) by opening or closing the shutters 138A, illuminance. Here, a normal aperture stop having a circular 

138B through respective drive units 139A, 139B. (or rectangular) aperture, or an aperture stop for annular 

The diffraction grating plate 137 is so arranged that a illumination or for modified light source may be placed in 

diffraction grating pattern of projections and recesses is 35 the vicinity of the exit plane of the third fly-eye lens 145. 

formed at a predetermined pitch in the direction parallel to The present embodiment is so arranged that the entrance 

the plane of FIG 7 on a glass substrate (for example a quartz plane of the first fly-eye lens 141 is conjugate with each of 

substrate) which is transparent for the illumination light. The the entrance plane of second fly^eye lens 143, the entrance 

pitch of the diffraction grating pattern is so determined that plane of third fly-eye lens 145, the setting plane of reticle 

a zeroth order diffraction beam and a first order diffraction 40 blind 148 and the pattern-formed surface of the reticle 112. 

beam emergent from the diffraction grating pattern with Further, the shape of the rectangular iUumination area 151 

irradiation of illumination light from the first light source on the reticje 114 is similar to the cross section of each lens 

131A are outgoing symmetric with each other with respect element as a constituent of the third fly-eye lens 145. 

to the normal line to the diffraction grating plate 137. Also, Accordingly, the reticle blind 148 has a role to cut the 

the depth of grooves formed by the projections and recesses 45 peripheral portion of the illumination area 151 thus deter- 

in the diffraction grating pattern on the diffraction grating mined by the cross section of lens elements, 

plate 137 is so determined that a light quantity of the zeroth Next described in detail referring to FIG. 9 is a state of the 

order diffracted beam and a light quantity of the first order light source images in the iUumination optical system of the 

diffracted beam outgoing symmetric with each other relative present embodiment. FIG. 9 shows the main elements in the 

to the normal line to the diffraction grating plate 137 are 50 illumination optical system of FIG. 7. In FIG. 9, the illu- 

equal to each other. mination area 151 on the reticle 112 is rectangular as 

In the present embodiment, the iUumination light from the elongate in the X direction with the X-directional width 

second light source 131B is incident into the diffraction being Land the Y-directional width being D (D<L). In FIG. 

grating plate 137 as being symmetric with the illumination 9, the reticle blind 148 and the lens systems of FIG. 7 are 

light from the first light source 131 A with respect to the 55 omitted. During exposure by the slit scan method the reticle 

optical axis of the illumination optical system (the normal 112 is moved along the Y direction, i.e., in the direction of 

line to the dim-action grating 137) as described above. Thus, the short sides of the illumination area 151. In this case, 

emergent from the diffraction grating plate 137 in symmetry directions in the first to third fly-eye lenses 141, 143, 145 

with each other with respect to the optical axis AX of corresponding to the X direction and the Y direction on the 

iUumination optical system are a first iUumination light 60 reticle 112 are defined as XI direction and Yl direction, 

beam ELI, which is obtained by combining the zeroth order respectively. For convenience of description, it is assumed 

diffraction beam emergent from the diffraction grating pat- that the first fly-eye lens 141 is composed of two lens 

tern with irradiation of illumination ught from the first Ught elements 141a, 141b arranged in the Yl direction and that 

source 131A, with the -first order diffraction beam emergent the second fly-eye lens 143 is composed of two lens ele- 

frpm the diffraction grating pattern with irradiation of illu- 65 ments 143a, 1436 arranged in the XI direction. A cross 

mination light from the second Ught source 131B on a same section of lens element Ula, 141Z? is of a rectangle in which 

axis, and a second iUumination light beam EL2, which is a ratio between the Xl-directional width and the 



5,991,009 



17 



18 



Yl -directional width is 2:1, and a cross section of lens 
element 143a, 143& is square. 

Also, the third fly-eye lens 145 is composed of lens 
elements 145a, 1456, ... as arranged in five columns in the 
Yl direction and three rows in the XI direction, and a ratio 
between, the Xl-directional width and the Yl-directional 
width of each lens element is 5:3. Accordingly, the entire 
first fly-eye lens 141 has such a cross section that a ratio 
between the Xl-directional length arid the Yl-directional 
length is 1:1 (square). The entire second fly-eye lens 143 has 
such a cross section that a ratio between the Xl-directional 
length and the Yl-directional length is 2:1. The entire third 
fly-eye lens 145 has such a cross section that a ratio between 
the Xl-directional length and the Yl -directional length is 
1:1 (square). 

In this case, the first illumination beam ELI and the 
second illumination beam EL2 enter a substantially circular 
region 152 on the entrance plane of first fly-eye lens 141 in 
symmetry with each other with respect to the optical axis 
AX, along the ±X1 directions. Consequently, two light 
source images 153 are formed along the XI direction on the 
exit plane of each lens element in the first fly-eye lens 141 
(four light sources are formed in total). Also, illumination 
beams from the light source images 153 illuminate a rect- 
angular region 154 substantially equal to the cross section of 25 
the entire second fly-eye lens 143, on the entrance plane of 
second fly-eye lens 143, whereby light source images 155 of 
two rows in the XI direction and two columns in the Yl 
direction are formed on the exit plane of each lens element 
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element 145a. The eclipse reduces a quantity of light reach- 
ing the reticle 112. 

On the other hand, FIG. 10B shows a case in which the 
illumination light is made incident along two directions in 
the longer-side direction of lens element 145a. In FIG. 10B, 
two spots 159A, 159B of light source images are formed in 
parallel in the longer-side direction on the exit plane of lens 
element 145a. Also in this case, hatched portions 159 Aa, 
159 Ab in the spot 159Aand hatched portions 15 9Ba, 159B6 
in the spot 159B are eclipsed, but the marginal field in the 
longitudinal direction can be effectively used, so that a light 
quantity of illumination light can be almost doubled as 
compared with FIG. 10A. 

Returning to FIG. 7, an example of a method for using the 
two light sources 13 1A, 131B is next described. First, for 
example even if the first light source l31Ais burned out (or 
turned off), the illumination light from the second light 
source 131B enters the first fly -eye lens 141 in two direc- 
tions in the present embodiment. Accordingly, the density of 
light source images is unchanged on the exit plane of the first 
fly-eye lens 141, so that there is no change in uniformity of 
illuminance distribution observed on the reticle 112. Also, in 
order to keep a predetermined exposure amount on wafer 
105 with use only of the second light source 131B equal to 
that with use of both the two light sources 131A, 131B, the 
scanning velocities of the reticle 112 and the wafer 105 are 
to. be decreased by half, for example. Then, for example 
during exchange or adjustment of the first light source 131A, 
the exposure on the wafer 105 can be continued with lighting 



in the second fly-eye lens 143 (eight light source images aire 30 only the second light source 131B. 



formed in total in the entire second fly-eye lens). Similarly," 
illumination beams from the light source images 155 illu- 
minate a square region 156 substantially equal to the cross 
section of the. entire third fly-eye lens 145, on the entrance 
plane of third fly-eye lens 145, whereby light source images 
157 of four rows in the XI direction and two columns in the 
Yl direction are formed on the exit plane of each lens 
element in the third fly -eye lens 145. The total number of 
light source images formed on the exit plane of the third 
fly-eye lens 145 is 120 (=8x5x3). 

Then illumination beams from the 120 light source 
images 157 formed by the third fly-eye lens 145 illuminate 
the rectangular illumination area 151 on the reticle 112 in a 
superimposed manner. Since the ratio between the 
Xl-directional length and the Yl-directional length of each 
lens element in the third fly-eye lens 145 is 5:3, a ratio of the 
X-directional length Land the Y-directional length D of the 
illumination area 151 is 5:3. In this case, since the illumi- 
nation beams ELI, EL2 are made incident along two direc- 
tions (±X1 directions) into the first fly-eye lens 141 com- 
posed of the lens elements 41a, 41b with a cross section long 
in the XI direction in the present embodiment, the density 
of light source images in the XI direction is doubled so as 
to improve the illuminance uniformity in the X direction in 
the illumination area 151. It should be noted that FIG. 9 
shows a reduced number of lens elements for each of the first 
to the third fly-eye lenses 141, 143, 145 for brevity of 
description, but more lens elements are used in practice. 

FIG. 9 showed an example in which the aspect ratio of the 
illumination area 151 on the reticle 112 was 5:3. If this ratio 
becomes larger, an eclipse will occur as shown in FIGS. 10A 
and 10B. FIG. 10A shows an exit plane of lens element 145a 
in the fly-eye lens in a case in which the illumination light 
is guided into the fly-eye lens in one direction. In FIG. 10A, 
it is seen that with a large spot 158 of a light source image, 
hatched portions 158a, 158b are eclipsed in the spot 158 of 
the light source image in the direction of short sides of lens 



There are cases not necessarily requiring a light quantity 
of synthesized illumination beams from the two light 
sources 131A, 131 B, for example in case of tbe wafer 105 
of FIG. 8 being coated with a high-sensitivity photoresist. In 
such a case, the exposure amount control system 122C turns 
off one of the first and second light sources 131A, 131B 
through the lamp power source 132A, 132B under a com- 
mand from the main control system 122A in FIG. 7. This can 
extend the life of the two light sources 131 A, 131B in total. 
40 , If for example only the first light source 131 A is turned on 
for a high-sensitivity photoresist and when the lighting time 
as integrated in the first light source check sensor 135A 
reaches the life of the light source, the exposure amount 
control system 122C lights the second light source 131B 
45 through the lamp power source 132B. After that, the expo- 
sure amount control system 122C opens the shutter 138B for 
the second light source 131 B and simultaneously closes the 
shutter 138A for the first fight source 131 A, through the 
driving units 139A, 139B. By this, switching to the second 
50 light source 131B can be done before the first light source 
131 A is burned out, whereby interruption of exposure opera- 
tion can be avoided. 

A modification of the second embodiment is next 
described referring to FIG. 11. In FIG. 11, portions corre- 
55 sponding to those in FIG. .7 are denoted by the same 
reference numerals and so wiU not be explained in detail. 
The illumination optical system of this example is different 
only in the light source system up to the first fly-eye lens 141 
from the illumination optical system in FIG. 7. Therefore, 
60 the following description is focused on the light source 
system. 

In FIG. 11, illumination light from the first light source 
131 A is collected by an elliptic mirror 133A and then passes 
through an input lens 136 A to enter a . half prism 61. The 
65 illumination light is split into a first beam and a second beam 
by the half prism 161. The first beam passing through the 
half prism 161 advances via a relay lens 162A, a mirror 
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Ed by .he half prism 161 advances via a relay lens ^ present toven.ion is next 

162B, a mirror 163B and a relay lens 1MB 5 JSXte£5ffi.S In FIG. 12, members with the 

reflected by a second reflecttng surface of tt* tnaugula ff^X^SL^ those in FIG. 7 are 

prism 165 then to enter the first fly-eye lens .141 in a " m reference numerals and so will not be 

direcliondifferen.fromtha.ofttefirstbeam.Thehalfpnsm ^o^by*^ «™ ^ e ^ a ^ 6 optical system Q f the 
161 is of a type having ; 50% ^^ 

in .Ws ^ is . ^^^?5 n ^ ^^^^^l^^i^tfc- 

the illumination beam from he firs light source 1J1 A. i ne ^ ^ determincd 

illumination beam incident into ibis surface ■ split : by ihc 237and enters W . ^ from , 

half prism 161, A firs, beam reflected by ^e balf p^ ltt _ «gj uSurce «1B (for example, the i line of wave- . 

of the illumination light from the second light source 131B 20 second W 1 ^^ c ^ „ an e £ ip(ic mirror 133B and 

is combined with the first beam passmg through the half ^^^^^fl^^ofstaitterlMB. .. 

. prism 161 of the illumination light from gSto ELb ./converted into a beam of 

131A, formmg a first fllummation beam ELl^, a second Ttaa t| tjumm enteslhe first fly's 

: ^i^^M^lf^SSSSSR * Sm^SS^ syndic ww»'*6 a*w»- 

light from the second light source 131B is combined w h the 25 ens w ^ ul ^ respect to the 

second beam reflected by the half prism 161 of the dlumi- optical system. The shutter 

nation Ugh, from the firs, fight source 131A, formmg a ^ IS £c«s o/the euipUe ^ . 

second illumination .beam bL.1. • . 133B aisq : a shutter 138A is located near the second focus 

the same light quantity on the ex.l plane ,of the 35 totTpCLreceptor' 135A receives the illumination light- 

tens 141- Since FIG. 11 employs ^.°alf pnsm 161 as the ^^^^^2^^^^^. 

beam splining optica system, the^umu^ on bea^sfrom gggg^, ^ , ^ re fl ectivity also located 

toe first and second fight sources "IB are supplied ha l^m rr ^ ^ 138B, 

. without any loss to the first fly-eye ens 141: AJ 2Ta a pho oreceptor 135B receives the illumination light 

11 is more complex in structure than FIG. 7, it is so £ ' . P. half mirror 236B. Photoelectric conversion 

incase of illumination light with wide wavelengt ^band- jjjjj,* pfotorlceptors'l35A, 135B are supplied to .. 

. width or in case of large Ught source images because the signals Kgm m P p ^ 

efficiency of splitting and synthesis is 100% and it uses no ^^^^c^bemissk.ni^ofthe " 

UgV sources 131A, 131B are arranged to be driven by ^^^^^J^^J^c^) 

driving units « o theSoiUumtoationbe^ 

source check sensors 135A, 135B generate warn 'ngscu ' each o(her 

cerning toe lamp life and lighting (urdighUng) of the first and angte . mto £e * _ embodiment can keep the 
thesecondligbtsourcesmAlMBtotheexposnreamonnt ^^fSuS^y uLhange/ on tl* reticle, even 
control system 122C. _ hnve (he fl , though the illuminance is increased using a plurality of fight 

In the second embodiment as described above, the lift, emflhta the emission power of the first and 

mination beams from the two light sources 131A, 131B are 55 sources, oy equ u _ g ^ v ^ 

made incident a, mutually different incident angles into toe ^jSJSSS^SSS- me photoreceptors 
beam splining optical system (for example ^tbe toff? ac on .^g 0 **^ pLntembodimen, is so arranged tha, the 
grating plate 137 in FIG. 7). " m » a y U0 ^ g^Sn beams from the .wo light sources 131A, 131B 

beams from the two hgh sources ^^J^™** 60 a elcident at different angles into the first fly-eye lens 141. 
arranged to be supplied into he beam *tom Ijffi* 60 ^^umination beams from the two light sources 131A, 
system approximately in paralle with each other. Also, ine_L i ^ ^ arranged to be incident into the first 

using three or more light sources, dlummation beams there- 131E 1 ma be J m ^ eacb olher 

from may be arranged to be spin and synthes** hpte same fly^e ^^^^L of lens elemenis, because 

6S S?ro«se™foL/eachlenselementinthefimtIly^yelens 
illustrates modes in which an illumination hun emitted 65 toe ; crossse ^ {urther 

^i^lLlT^^ SfaSS nnirormity. such an arrangement may be 



